series, who were already on the ventilator prior to surgery, are omitted, the remaining cases (all females) can be divided into two groups. In the first 5 cases the intention was to do without mechanical ventilation if possible. In each case ventilation was in fact required, either immediately post-operatively or after a period of increasing distress and uncertainty. After this experience the remaining 4 cases and the case of known thymoma were treated by elective ventilation continued into the post-operative period. Anticholinesterase drugs were withdrawn for a few days until weaning from the ventilator was attempted.
The advantages of this technique of ventilation and withdrawal of anticholinesterases during and after thymectomy are that adequate analgesia can be given without the fear of inadequate ventilation, that there is no danger of a cholinergic crisis, that there are fewer secretions to be controlled in the respiratory tree after the anticholinesterases have been withdrawn, and further, when the endplates are rested for a few days they are more responsive when the anticholinesterases are reintroduced (Randt 1953 ).
Contclusionl
This paper has attempted to show that intensive care can save lives in otherwise hopeless cases and also that the complicated mechanical techniques involved can be applied only if satisfactory personnel, equipment and training are provided.
It is, perhaps, a rather cynical and macabre comment that, from a purely medicolegal point of view, it is often better for a patient to die untreated from the natural progression of his disease than for him to be killed by the mechanical failure or misuse of some apparatus such as a ventilator. We must see to it that the facilities are provided to ensure that the patient neither dies from failure to apply intensive therapy nor from the results of the treatment itself.
Transcutaneous Doppler Ultrasonic Flow Detectors for Diagnosis of Air Embolism
by J Edmonds-Seal MB FFA RCS, C Prys Roberts MB FFA RCS and A P Adams PhD FFA RCS (Nuffield Department ofAnasthetics, The Radcliffe Infirmary, Oxford)
Following the introduction of transcutaneous Doppler ultrasonic flow detectors for the qualitative and quantitative measurement of blood flow (Rushmer et al. 1966) , it was soon noticed that air bubbles in the blood stream caused marked and unmistakable artifacts in the blood flow signal (Gillis et al. 1968 ). This application has facilitated the detection of small air emboli in surgical patients at risk, particularly in neurosurgery in the sitting position , Edmonds-Seal & Maroon 1969 . The method used for the diagnosis of air embolism is one of the factors on which the incidence of air embolism depends. Maroon et al. (1968) compared the sensitivity of the precordial and cesophageal stethoscopes with that of the Doppler ultrasonic flow detector in dogs and found that 0-12 ml of intracardiac air was readily heard with the latter; the smallest quantity heard through the cesophageal stethoscope was 4 ml.
We have made a further comparison between a precordial Doppler ultrasonic flow detector and some other recognized methods of diagnosis in air embolism (Table 1) . Increments of air were injected into the superior vena cava' in dogs breathing spontaneously and being ventilated with air and with a nitrous oxide/oxygen mixture. Alterations in the ventilatory pattern of the spontaneously breathing animal occurred after large emboli (2-3 il/kg which is equivalent to 200 ml in man). A reduction in the end-tidal carbon dioxide concentration (FE'co2) of 0-3 vols % was seen after injection of 0 3 il/kg. Marked falls in FE'CO2 (2 vols Y.) have been reported by Severinghaus & Stupfel (1957) after 1P2 il/kg of intravenous air in dogs. Changes in the central venous pressure (CVP) were not impressive until large quantities of air (2 in/kg) had been injected. Tisovec & Hamilton (1967) have suggested that a rise in CVP can be an early sign of air embolism and Michenfelder et al. (1966) have been able to aspirate air from the CVP catheter. These have not been our experiences in the dog. Reductions in the systemic arterial blood pressure occurred transiently after 0-5 ml/kg. Major falls in blood pressure were seen only when right heart failure occurred. Depression of the ST segment was seen in lead V2 of the ECG after 0 5 mi/kg but cardiac dysrhythmias occurred only after larger amounts of intravenous air in these dogs. When 33% oxygen in nitrous oxide was administered to one of the dogs, as little as 0025 ml of air caused the characteristic change in the audible signal from the flow detector. As suggested by Nunn (1959) and Munson & Merrick (1966) , a threeto fourfold expansion of an air bubble occurs due to exchange of the insoluble nitrogen in the air bubble with the more soluble nitrous oxide in the plasma.
Fifty-three neurosurgical patients have been monitored by means of a precordial Doppler ultrasonic flow detector. Small air emboli were detected in 7 of 23 patients in the sitting position; a small but transient fall in blood pressure occurred in 5 of these patients. Blood pressure was continuously recorded via indwelling arterial (radial) cannulk. The brief period of hypotension might have gone unnoticed, had conventional sphygmomanometric methods been used. The reason for this fall would have been uncertain without the Doppler ultrasonic flow detector.
